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Brane-world dark matter
J.A.R. Cembranos A. DobadoA.L. Maroto Departamento de Fsica Teorica, Universidad Complutense
de Madrid, 28040 Madrid, Spain
abstract We show that, in the context of brane-world scenarios with low tension τ = f4, massive brane
fluctuations are natural dark matter candidates. We calculate the present abundances for both hot(warm)
and cold branons in terms of the branon mass M and the tension scale f . The results are compared with
the current experimental bounds on these parameters. We also study the prospects for their detection in
direct search experiments and comment on their characteristic signals in the indirect ones.
95.35.+d, 11.25.-w, 11.10.Kk
One of the most important open problems in astrophysics and cosmology is to identify the nature of
dark matter. It has been known for a long time that the luminous matter observed in spiral galaxies is
insucient to explain their rotation curves. The existence of dark halos was proposed as a possible solution
for the discrepancy (see Binney and references therein), although at present, numerical simulations of the
formation of such halos appear inconsistent with observations. On the other hand, dierent estimations of
the total matter density in the universe from large scale motions, virial masses or cluster abundances, and
the more recent Type Ia supernovae and CMB anisotropies observations agree in a value ΩM = 0.27 0.04
PDG,WMAP, which is much larger than the value of the total luminous mass density in the universe
Ωlumh = 0.006− 0.002. In addition, the big bang nucleosynthesis (BBN) and WMAP results for the total
baryonic content ΩBh2 = 0.0224  0.0009 imply that most of the matter in the universe is dark and non-
baryonic (see PDG,WMAP,Kamion and references therein).
A possible explanation of this puzzle is that the dominant component of dark matter consists of some
non-relativistic (cold) stable and weakly interacting massive particles (WIMP) which decoupled from radi-
ation early enough so that their relic abundances are important today. The possibility that the universe is
dominated by hot dark matter seems to conflict with numerical simulations of structure formation. Thus,
the only potential candidates within the known particles would be massive neutrinos. However a detailed
analysis has excluded the three light and even one additional heavy fourth generation of Majorana or Dirac
neutrinos. This fact has led to the search of cold dark matter candidates beyond the Standard Model (SM)
Kamion.
There are two main such particles studied in the literature. On one hand axions which strictly speaking
cannot be considered as WIMP’s since they are very light and produced non-thermally. On the other hand
we have the lightest supersymmetric particle, which can be identied with a neutralino in most of the
supersymmetric models. The latter is probably the most studied and best theoretically motivated dark
matter candidate Kamion. However the large number of free parameters in supersymmetric theories make
their predictions extremely model dependent. More recently, the existence of large extra dimensions has
been proposed as a new setting for a possible solution to the hierarchy problem ADD. In this scenario, the
SM elds are forced to live on a three-dimensional hypersurface (brane) whereas gravity is able to propagate
on the higher D = 4+N dimensional bulk space. In this Brane World scenario (BWS) the fundamental scale
of gravity is not the Planck scale MP but another scale MD. Although in the original ADD model ADD,
MD is supposed to be not too much larger than the electroweak scale, recently brane cosmology models have
arised in which MD is much larger than the TeV (Langlois and references therein). In this work we will
consider the case of a general BWS without assuming any particular value for MD.
In these models gravitons propagating through the bulk space give rise to a Kaluza-Klein (KK) tower
of massive gravitons on the brane. These KK gravitons couple to the energy-momentum tensor of the SM
elds T µνSM and could be produced under the appropriate circumstances as real or virtual particles. Another
important eect that is expected in the BWS is the presence of brane fluctuations since rigid objects do
not exist in relativistic theories. In other words the brane should have some nite tension τ = f4. When
these oscillations are taken into account two new eects appear GB. First of all, we have to introduce new
elds, which for a homogeneous extra space, essentially represent the position of the brane in the bulk space
(xµ, yα ’ piα(x)/f2). The piα(x) elds are the Goldstone bosons (GB) corresponding to the spontaneous
symmetry breaking (SSB) of the translational invariance produced by the presence of the brane (branons).
1
It has been shown GB that when these branons are properly taken into account, the coupling of the SM
particles to any bulk eld is exponentially suppressed by a factor exp(−M2KKM2D/(8pi2f4)), where MKK is
the mass of the corresponding KK mode. As a consequence, if the tension scale f is much smaller than the
fundamental scale MD, i.e. f  MD, the KK modes decouple from the SM particles. Therefore, for flexible
enough branes, the only relevant degrees of freedom at low energies in the BWS are the SM particles and
the branons. Similarly to other GB’s, branons are expected to be nearly massless and weakly interacting at
low energies. Nevertheless, in general, translational invariance in the extra dimensions is not necessarily an
exact symmetry and some branon mass M is expected from such explicit symmetry breaking as shown in
DoMa,ACDM. This is similar to what happens to pions which are the GB corresponding to the SSB of the
chiral symmetry of low-energy strong interactions. As gravitons do, branons couple to T µνSM , however in this
case, the lowest order eective Lagrangian is ACDM: eqnarray LBr = 12gµν∂µpiα∂νpiα − 12M2piαpiα
In order to calculate the thermal relic branon abundance, we will use the standard techniques given
in Kolb in two limiting cases, either relativistic (hot) or non-relativistic (cold) branons at decoupling. The
evolution of the number density nα of branons piα, α = 1, . . . , N interacting with SM particles in an expanding
universe is given by the Boltzmann equation: eqnarray dnαdt = −3Hnα − hσAvi(n2α − (neqα )2)Boltzmann
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